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MEMORANDUM FOR FILE 

INTRODUCTION 

The maximum endurance o f  bo th  t h e  nominal Apollo and 
extended missions are l i m i t e d  by t h e  load ing  of  CSM hydrogen, 
oxygen, and water; t h e  e lec t r ica l  load; o t h e r  thermal  loads ;  
and t h e  e f f e c t i v e n e s s  of t h e  ECS r a d i a t o r s .  This  memo r e p o r t s  
an updated FORTRAN recomputation of  an ear l ier  s tudy  of t h e  
l i m i t s  of  CSIvl extended du ra t ion .  

I t  i s  n o t  in tended  t h a t  t h e s e  h igh ly  s i m p l i f i e d  com-  
p u t a t i o n s  d u p l i c a t e  t h e  output  of  t h e  s o p h i s t i c a t e d  and d e t a i l e d  
computer program developed a t  MSC.2r3 However, t h e s e  r e s u l t s  
w i l l  be u s e f u l  i n  e s t a b l i s h i n g  t h e  approximate quick-look m i s -  
s i o n  consequences of dec i s ions  on consumables loading ,  water  
management, and power l e v e l .  

Among t h e  more important  consumable c o n s i d e r a t i o n s  
which l i m i t  CSM missions a r e  hydrogen a s  a r e a c t a n t  i n  t h e  
f u e l  cel ls  and water as an expendable r e f r i g e r a n t .  The hydro- 
gen consumption i s  a s imple func t ion  of t h e  e lec t r ica l  c u r r e n t  
of  t h e  f u e l  ce l l s ,  whi le  t h e  water consumption i s  p r i m a r i l y  
determined by t h e  requirement of evapora to r s  t o  r i d  t h e  space- 
c r a f t  of excess i n t e r n a l  h e a t .  The program computes both  t h e  
hydrogen and w a t e r  consumption and t h e  mission l i m i t s  f o r  a 
wide range of average f u e l  c e l l  power l e v e l s  and r a d i a t o r  
e f f e c t i v e n e s s .  

THE PROGRAM 

e. 

* 

The computer program,which i s  presented  i n  t h e  appendix 
a long  w i t h  a sample p r i n t - o u t , s t a r t s  w i th  t h e  c u r r e n t  as t h e  
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basic system v a r i a b l e .  Using t h e  d a t a  of t h e  f u e l  c e l l  charac-  
ter is t ics  i n  t h e  memory, t h e  program p r i n t s  o u t  t h e  g r o s s  f u e l  
c e l l  water product ion  and hydrogen consumption as w e l l  a s  vol- 
tage .  T h e  n e t  w a t t s  i n t o  t h e  Command Module i s  computed by 
s u b t r a c t i n g  t h e  power used t o  o p e r a t e  t h e  f u e l  cel ls  themselves 
from t h e  t o t a l  f u e l  c e l l  power. The t o t a l  h e a t  load ,  which 
c o n s i s t s  of metabol ic  and s o l a r  heat  i n  a d d i t i o n  t o  t h e  h e a t  
genera ted  by t h e  CM e l e c t r i c a l  components, i s  compared t o  t h e  
parameter of r a d i a t o r  e f f e c t i v e n e s s .  
thermal emission i s  less than t h e  t o t a l  heat load  t h e  evapora- 
t o r  requirement  f o r  water i s  computed. T h i s  water  flow is 
s u b t r a c t e d  f r o m  n e t  w a t e r  p roduct ion  and the loss i n  water re- 
se rves  i s  used t o  compute.water-l imited endurance. 

Whenever t h e  n e t  r a d i a t o r  

The program i s  f l e x i b l e  i n  t h a t  t h e  c o n s t a n t s  as 
w e l l  as t h e  r a d i a t o r  e f f e c t i v e n e s s  could be determined by sub- 
r o u t i n e s  which may be added later. Thus, these computations 
may be e a s i l y  extended t o  show t h e  e f fec t  of more v a r i a b l e s  o r  
modified fo r  new or  extended missions.  I n  a d d i t i o n  t h i s  program, 
w i t h  some modi f i ca t ion  and with t h e  e lectr ical  power schedule  
as an a d d i t i o n a l  i n p u t ,  could compute t h e  r e s e r v e s  a t  each 
phase of the  mission.  

RES'JLTS FOR NOMINAL M I S S I O N  

With t h e  assumptions s t a t e d  (no te  t o p  of sample p r i n t -  
o u t )  t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  nominal mission i s  s a f e l y  
w i t h i n  the  hydrogen and water supply (reduced t o  80% of c a p a c i t y )  
w i th  a mission average e lectr ical  load of 1 5 0 0  w a t t s  and a 
s l i g h t l y  degraded (a= .30) r a d i a t o r .  The v a r i a t i o n  of hydrogen 
and water consumption and endurance as a func t ion  of e lectr ical  
power and r a d i a t o r  e f f e c t i v e n e s s  are p l o t t e d  i n  F igures  1-3. 
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Attachments 
F igu res  1-3. 
Appendix 
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APPEND1 X 

D E r I N I T I O N S  OF MNEMONICS 
1 AMPS = F U E L  C E L L  CURRENT I N  AMPS 

3 W A T T S  V O L T 5  TIMIS AMPS,ELfCfR!CAL POfiER I N  WATTS 
2 V O L T S  F U E L  C E L L  TERMINAL VOLTAGE I N  VOLTS 

c( S W A T T S  5TAND4RI) WATTS IN WATTS 
5 F C U T L S  - POWER CONSUMEP I N  OPERATfOFJ OF F U E L  C E L L  I N  W A T T S  
6 E B T U  = H E A T  EoUIVILENT OF E L E C T R I C A L  POWER I N  B T U I H R  
7 EX T B T U  HEAT L D q T  OR GAINED THROUGH STRUCTURE I N  BTU/HR 
8 MBTU M E T A B O L I C  HEAT LOAD I N  BTU/HR 
9 Q L I O H  = L I O H  H E A T  O f  A B S O R R T I O N  I N  B T U / H R  
10 RAORTU = N E T  ENERGY R E J E C T E D  T O  SPACE BY E M I S S I O N  I N  R'TU/HR 
1 1  TORTU = TOTAL NET THERMAL LOAD I N  BTU/HR 

13  CFCWP = G R O S S  F U E L  C E L L  WATER PRODUCTION R A T E  I N  LBr lZO/HR 
1 2  SFCWP I SPECIFIC &EL CELL W A T E R  PRODUCTION IN LBIHRIAMP 

I4 
15 
16 
17 
1 A  
19 
2 0  
21 
2 2  
23 
24 
2 5  
26 
27 
2 8  
2 9  
3n 
3 1  N n T E  

32 N b T E  

H A L @ S  = M E T A R o L I C  LOSS I N  L B  H Z / / H R  OF UlATER 
NFCVJP - NET W A T E R  PRODUCTION I N  L e  HZOIHR 
PEPTU T H E R M A L  D F F I C I E N C Y  AFTER R A O I A T I O N  I N  BTU/ t iR  
RTULA L A T E N T  H E A T  OF EVAPORATION OF WATER I N  B T U / L B  
I 3 0 I L E R  = !MATER eOrLER CONSUMPTION I N  L B / H R  
D E ~ A T  WATER S T O R A G E  CHANGE IN LBIHR 
TWATR = T O T A L  W A T F R  STORAGE I N  LR 
ENDWA WATER L I M r T E D  ENDURANCE I N  HOURS 
ELCHZ E L E C T R O C H E M I C A L  C O E F F I C I E N T  OF C O n 6 I N A T I O N  I N  L B / H R / A M P  
ECHZU I P d l l N D S  OF U S A G E  I N  H2/HR 
PRH2U = PURGE H 2  irSE I N  L B / H R  
TOH2U = T O T A L  H 2  USE I N  L B I H R  
T O H Z S T  - T O T A L  H 2  STOPAGE I N  L B S  
ENDHZ = H 2  L I M I T E D  ENDURANCE I N  HRS 
BWATTS - WATTS T O  NON FUEL C E L L  BUSSES I N  W A T T S  
S M W A T T  - W A T T S  CONSUME@ I N  THE S E R V I C E  MODULE I N  W A T T S  
TOSMWTS T O T A L  PnwER CONSUMED I N  THE S M ( ~ N C L U D I N G  F C U T L S )  
YFCOL NUMBER OF F U E L  C E L L S  ON L I N E  ( I N T E G E R  1 ,  2 O R  3) 
I F  THERE A R E  THREE F U E L  C E L L S  ON L I N E  THE U T I L I T Y  P O W E R  

F C U T L S  160 W A T T S ,  W I T H  ONE F U E L  C E L L  8 0  H ~ A T T S I  THESE 
HAY CHANGE. I N  ADolTION THE VOLT-AMP R E L A T I O N S H I P  V A R I E S  
' N I T H  THE NUMBER O F  FUEL C E L L S  ON L I N E ,  
DATA I S  F R O M  MISSION MODULAR O A f A  BLOK S I 0  6 6 - 1 2 4 5  JAN 6 7  

KNOWN AS F C U T L S  W t L L . B F  2 4 0  V A T T S i  FOR 2 F U E L  CELCS, 
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